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ABSTRACT 
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change used with a single class of fifth grade students was 
evaluated. The Rand McNaily SCi iS^ in this 

study can be characterized as a conceptual change strategy because it 
is organized around a three-phase learhihg cycle desighed to move 
students from precohceptiohs to hew, more sciehtific cohcepts. The 
three phases ihclude exploratioh , ihvehtioh , ahd discovery. Data were 
collected bh the studehts' conceptual knowledge and their experience 
of instruction. Pretests ahd pbsttests were givehtb distinguish 
among alternative conceptions of plants' source of food and the role 
of light in plant growth. Lessons in the instruct ibnal unit were 
bbserved and recbrded. The impact bf instructibii on students was 
similar tb a previous study; only one student appeared to hold the 
intended goal conception with the others retaining their 
preconceptions or various hybrid concept ions .The contrast between 
these results and the reasonableness pf the SCI IS strategy led the 
authors to examine several problems which appear to have general 
implications for cqgn it iye instruction . In this report , the nature of 
these problems is documented and describe implications 
for teaching, curriculum development , and research are discussed . 
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As reflected in the research reported at a recent international 
conference devoted to student misconceptions in science and mathematics (Relm 
arid Novak, 1983), it is how well established that students generally possess 
cdriceptidns relevant to curricular topics before they begin study of them. It 
is further clear that such preconceptions often persist despite instruction on 
scientific theories which contradict them^ The discrepancies between the 
students' post instruction cbriceptioris and the scientific theories as taught 
often represent important failures of instruction. 

Vienndt (1979) among others has argued that students' preconceptions 
persist in part because they have worked so well in the everyday world of 
students. That similar ideas have sometimes held sway among scientists for 
centuiies is testimony to their explanatory power. Anderson arid Smith (1983b) 
described how preconceptions are often compatible with much df the student's 
experience of instruction, fhus^ precdnceptidns are active competitors with 
scientific alternatives as organizing structures for students experience of 
instruction as well as for their everyday experience. 

The existence and persistence of students precbriceptidhs implies that 
learning involves riot simply the acquisition or formatiofv of new concepts. It 
involves the mddi fication of existing concepts or their replacement with ap- 
propriate alternatives, i.e., conceptual change (Toulmiri, 1972). 

Several researchers have proposed models df cdnceptual change. Posner, 
Strike, Hewson and Gertzog (1982) prdpdse fdur conditions that must be ful- 
filled if accbmmddatibn* is likely to occur ^ that is* if students are to make 



*Both Posrier, et al., (1982) and Nussbaum and Novick (1982d,b) usethe term 
accdmmddatidn_td refer to instances where students central conceptions urid^rgd 
change in contrast to instances in which new informatidri is iricdrpdrated with 
existing conceptions with little change (assimilatidri) . 
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changes in their central concepts: 

li There mast be dissatisfaction with existing cdnceptions. 

2. A hew conception must be intelligible. 

3. A new conception must be initially plausible; 

4. A new conception should appear fruitful (lead to new insights arid 
di scoveries) . 

Nussbaum and Novick (19823, b) describe a general teaching strategy for 
use where significant accommodation is expected. 

1. Initial exposure of students* alternative conceptions through their 
responses to an "exposing event;" 

2. Sharpening student awareness of their own arid other students' 
alternative conceptions, through discussiori arid debate; 

3. Creating conceptual conflict by havirig the studerits attempt to 
explain a discrepant event; 

4. Encouraging and guldirig cdgriitive accommpdation and the invention 
of a new conceptual rnddel consistent with the accepted scientific 
cbriceptibri. 

In one study Nussbaum and Novick (1982b) applied their model to the 
development and assessment of an i nst ructioria 1 strategy designed to promote 
specific changes in sixth grade studerits' cdriceptioris df the nature of gases. 
The authors repdrted that the strategy was "highly efficient in creating 
cdgriitive challenge and motivation for learning," but "did not lead to the 
desired total conceptual change in all students." Iri fact drily drie df the 
seventeen students was reported td have addpted the intended goal conception. 
The others ended up with drie df five cdnceptions the investigators identified 
as intermediate between the studerits' original preconception and the goal 
cdriceptiori. Aridther five students progressed as far as the last intermediate 
cdnceptidri. The remairiing students, about two-thirds, completed instructiori 
with several misconceptions. The m^jor conclusion drawn by the authors was 
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"that a niajdr cdriceptual change does riot occurs even with good iristTuctidhi 
through revolution but is by nature an evolutionary process." 

Overview of the Study and Report 

In many respects tl^o present study was similar td that df Nussbaurri arid 
Ndvick (1982b). It was a case study of the use of a particular teaching 
strategy with a single class of fifth-graders. Our data sources included pre 
and posttest responses for all students, interviews of target students at five 
different points, observation notes and narrative descriptions of instruction, 
tape recordings of all lessons, and transcripts of selected class discussions. 
In the study we analyzed the changes that did (and did not) occur in the cori- 
ceptions of the students as they experienced iristructidn desigried td charige 
their cdriceptidris df hdw greeri plarits get their food. The instruction was 
based on Cn.^pters 3-6 or the Rand McNally SCIIS C o mmunities unit (Knott, 
Lawson, Karplus, Thier and Montgomery, 1978). This sequence incorporates ele- 
ments of the conceptual change models summarized above. 

One difference between the Nussbaum and Ndvick study arid dUrs was that^ 
in our study, the teacher was an experienced elementary teacher teaching her 
own students without direct input from the researchers. She was teaching the 
sequence for the third year, this time using a teacher's guide developed in a 
related study (Smith and Anderson, 1983a) and designed td make tlie cdriceptual 
change strategy more explicit. 

The impact df instructidri dri studerits iri dur study was similar to that 
repdrted by Nussbaum arid Ndvick (1982b). Following instruction only one 
student appeared to hold the intended goal conception with the others retain- 
ing their preconceptions or various hybrid conceptions. Similar results were 
obtained with a larger sample in a related study (Rdth^ Smith arid Ariderson, 
1983). 
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While our results are consistent with those reported by Nussbaum and 
Novick {1983b), there seemed to be another story in our study, one concerned 
with ways that ihst ruction seemed to go wrong where it might have been other- 
wise. While these prdblems may not have occurred in Nussba-jrii arid Novick's 
study, it is important to consider carefully the adequacy of instruction and 
of the particular instructional strategy in making judgments about a generic 
strategy and its theoretical base. The contrast between our results and the 
reasonableness of the SCIIS strategy led us to examine the issue of what went 
wrong. We were led to a number of prdblems that appear to have general impli- 
cations for cognitive instructidh. Amdng these were: 

- Students were dften uncertain about empirical generalizations 
impdrtant td the strategy. 

- Communication was sometimes hampered by systematic sources of 
ambiguity. 

- Some important issues were hdt adequatiiiy framed through use of 
appropriate questidhs. 

- The instruction was in some ways attacking the wrong precdhceptidn. 

In this report we document and describe the nature of these problems and dis- 
cuss their implications for teaching, curriculum develdpmerit and research. 

This report also includes a summary of the methods employed in the 
project, a description of the instructional strategy for the instructional 
sequence investigated, and a summary df the group results on the pre and post- 
tests. Further ddcumentatidn df the project is available in a series of pro- 
gress reports. Additional publications are planned to report other aspects of 
the project. 
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Methods 

Data -Source 

The study was conducted with one of three groups of fifth-grade students 
in one of eight elementary schools in a predbmihahtly middle class 'Jchool 
district,. The class included some children of working class and professional 
parents and a minority of Black children. 

The teacher was an experienced elementary teacher who taught science to 
all three groups of fifth graders in a team teaching situation. She was 
teaching the Communities unit for the third year. She had participated in a 
related study (Smith and Anderson, 1983a) the previous year and had been among 
the more successful of the nine teachers observed, although none of those 
teachers had been very successful in bringing about changes in their students 
conceptions of plants sources of food. As a result of her continued partici- 
pation in the related study^ she was using a teachers guide designed to make 
t^e conceptual change aspects of the instruction more explicit than they had 
been in the SCIIS guide. The teaching suggestions themselves remained essen- 
tially unchanged, however. 

Data Collection 

Data were collected on the students* conceptual knowledge and their 
experience of instruction. Before and after instruction the entire class was 
administered a test designed to distinguish among alternative conceptions of 
plants source of food and the role of light in plant growth. The test 
included multiple choice and true-false items as well as questions requiring 
written answers^ This test and the analysis procedures are described else- 
where (Rdthi Srtiith and Anderson, 1983). Briefly, the students* responses 
were first coded using defined features of the responses. These codings wore 
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then used to cdrnpUte scores reflecting the amount of evidence supporting 
inferences of student belief in alternative propositions arid iriterrelated sets 
of propositions or conceptionsi Students for whom evidence was cbritradi ctbry 
were classified as indeterminate with respect to the topic Involved. 

In addition to the test, four students were interviewed before arid after 
iristriictidn and at three points during the period of instructibri. Each Inter- 
view presented the students with relevant situations arid asRed for predictions 
and explanations of what would happen. The interviews during the period of 
Iristruetion included predictioris and explanations cdricerriirig the ihvestiga- 
tidris cdnducted as part of the instruction. These interviews thus provided 
information about the students* i riterpretati on of instruction as well a^ their 
conceptions. 

Each lessori was observed arid recorded. The dbserver made notes emphasiz- 
Irig nonverbal behavior arid fbcusirig dri the fdur target students. Two tape 
recordings were made, one using a di recti drial microphone Iccated above the 
target group and the other oriented td pick Up the whole class and especially 
the teacher. Lessdris anticipated as being especially important, beginning or 
concluding an investigation, for example, were also observed by a second db- 
server and/or video recorded^ 

The bbservatiori ridtes and tape recordings were used to prepare written 
riarratives describing the instruction. This process included breaking the 
lessdris ddwn intd segments corresponding to the tasks in which students were 
to be engaged. Further arialysis was organized in terms df the lessdri arid task 
structure of the instructibri. 

Analysi s 

The analysis was organized into two phases, nuring Phase I, the tests^ 
interviews and lessons were reviewed arid the proposi tibrial coriterit ideritified. 
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The Phase I analysis was designed to tentatively identify impdrtant changes in 
student conceptions and identify lessons and tasks containing information 
relevant to those changes. These changes and the related segments of instruc- 
tion became the foci for analysis in Phase II. 

This Phase I analysis was organized arid carried but using a master list 
of prdpdsition frames . These frames specified certain components of a propo- 
sition that were fixed and others that could vary. Any proposition that 
reflected the constant porticri of the proposition frame was considered an al- 
ternative instantiation of that frames Codes for the alternative proposltioris 
thus defined were desig'^ated. Fdr example^ the foil owing frame deals with the 
relationship between the cdntinu^ng growth of plants arid the cdnditidns df 
light: 

P r op^s4^4^n-F4"^m Option s 

P'lants (do/do riot) cbritiriue to A. Do, light li Do, orily in light 

grow in (condition: light/dark) B. Do not, dark 

Ki Do riot, light 2. Do, iri light or 
b. Do, dark dark 

The numbered dptions represent mdre comprehensive propositions, reflecting 
combinations of the component propositions represented by letters. The number 
1 and letters A-d designate goal proposit^'ons, while ether numbers arid the 
letters K-U designate alternative dnes. 

The Phase II analyses were guided by Phase I results but used tran- 
scripts of interviews and relevant portions of lessons as primary sources. 
The analysis reported here drew primarily on the lesson transcripts arid group 
pre/posttest data^ Iri particular^ the analysis focused bri what happeried in 
instruction with respect tb the questions, ariticipated results arid preserita- 
tioris cbristitutirig the Ihstructidnal strategy. As background fdr the presen- 
tatidn df results* the 1 nstructidnal strategy is presented next. 
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In the introduction we asserted that the sequence from the SCIIS 
ebmmahities Unit was a conceptual change strategy. This assertion is based in 
j3art on the authors' explicit definition and discussion of the SCIIS Learning 
Cycle but also on our interpretation of the specific teaching suggestions in 
the Conimuni tie^^ teacher guide (Knott, et al . , 1978). 

the^C-LLS--Lear-niag Cycle ; 

According to the teacher* s guide, the SCIIS curriculum is organized 
around a "learning cycle" consisting of three phases: exploration, invention 
and discovery. Exploration is characterized as Involving students in "spon- 
taneous handling arid experimenting with objects to see what happens." The 
guide points out that "the materials have been carefully chosen to provide a 
background for certain questions the children have riot asked before," It 
further notes, "During exploratibri activities you have the opportunity to ob- 
serve the children and draw conclusions about their existing ideas and under- 
standings" (Ibid, p. xviii). This implies that the exploration phase includes 
something like the "exposing events" advocated by Nussbaum and Novick (1982a). 
The guide's description of the Learning Cycle does not mention anything like 
Nussbaum arid Nbvick's ''discrepant events," but as will be seen below, the 
strategy for the sequence under investigation does include and make use of 
such events. 

The second phase of the SCIIS Learning Cycle is invention . This is the 
introduction by the teacher of a new concept as an alterriative to the "precon- 
ceptions" which limit students' "spbritariebUs learriirig." The teacher 'will 
have to provide definitions arid terms as new concepts arise. This constit ites 
the "inveritiori"' (Kribtt, et al . , 1978, p. xviM). Further insight into the 
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intended nature of the "ihveritibh" is provided in an article coauthored by the 
director of the original SCIS project* Robert Karplus, (Atkin and Karplus, 
1962). While students are viewed as able to "invent coneepts readily," they 
are not viewed as likely to be "able to invent the modern scientific con- 
cepts..." thus "it is necessary for the teachers to introdu ce them" (Ibid, p. 
47). The authors related this idea to the view that science itself progresses 
through the invention of new concepts which are riot only rtiore powerful and 
useful, but which change the meariirig arid iriterpretation of observations. 
Thomas Khuri's classic articulation of this view (1962) was cited in the 
article. 

Following the invention of a new concept comes the discovery stage. It 
is Important to note that it is not the riew cbricejjt which is discovered, that 
is what is invented (i.e.^ presented by the teacher). Rather, this stage con- 
sists of "...activities in which a child finds a new application of a concept 
through experience" (Knott, et al . , 1978, p. xviii). The students have oppor- 
tunities "to discover that new bbservatibris cari alsb be interpreted by using 
(the new) concept" (Atkin and Karplus* 1962* p. 47). Such activities 
"strengthen the concept and expand its meaning" (Knott, et al., 1978, p. 
xviii). They are "essential, if a concept is to be used with increasing re- 
firieinerit arid precision" (Atkin and Karplus, 1962, p. 47). 

The Instructional Sequence: SCllS Chapters 3^6 

The sens Learning Cycle is designed to move studerits from precdnceptlons 
to hew, more scientific cbricepts arid cari, therefore, be characterized as a 
conceptual charige strategy. Further, the four-chapter sequence on which our 
research has focused includes elements similar to the exposing and discrepant 
events emphasized by Nussbaum and Novick (1982aib). 
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The instructional sequence consists of four chapters (3-6) from the SGIIS 
edmmuni tie s unit and represents about six weeks of instruction with about 
three lessons per week. The strategy for the unit is represented in Table 1 
as a series of questions, anticipated empirical results of student ihvestiga- 
tibriSi arid teacher presentations. The major presentatibri is the iriveritidri of 
the cdricept of photosynthesis at the end of Chapter 5. 

Although not initially apparent^ the underlying issue for the sequence is 
the source of food for plants. Following the student's introduction to the 
parts of the bean seeds in Chapter 3, Question 2 raises the issue of the func- 
tion of the seed partSi This focus, carried on through Chapter 4, is crucial 
sirice the cbtyleddri's furictidri of prdvidirig fddd td the embryd is intended to 
lead into the central, underlying issue of the source of food for plants. 
Raised again in Question 6 this issue leads the interpretation of the investi- 
gation in Chapter 4 beyond the essentially empirical generalization that the 
cbtyledbri arid embryb rieed each other fbr a riew plarit td grdw with which the 
discussidri might otherwise cdriclude. 

Questions 7 and 14 are import ant in exposing students* preconceptions 
about the relationship of light to plant growth and the sources of food for 
plants, respectively. Question 15 is the point at which the anticipated 
student preconception that plants get their food from the soil is to be eon- 
fronted with the discrepancy bf plarits dyirig iri the dark despite the preserice 
of rich sbil. This cbricludes the explbratlbri phase of the sequence. 

Following the invention of photosynthesis as an alternative conception of 
plants source of food. Question 16 leads to the application of the new concept 
in explaining the results obtained. Chapter 6 is the discovery phase of the 
sequence iri which the cdricept s df phdtdsyrithesis arid the fdod supplying func- 
tion of the cotyledon are to be applied in predicting and explaining continued 
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Anticipated 



TABLE 1 

mm OF THE STRATEGY FOR CHAPTERS 3-6 OF SCI IS Mmm 

Strategy Elements 
Framing (juestroft ImfiiMaV Results 



Intended New 



Plants take in tlieir 
food from the soil. 



Hatepj fertilizer 
and minerals are 
for plants. 



Exploration Phase of tiie Learning Cycle 

Chapter 3: Lbbking at Seeds 

1. Hhat is inside 

seeds? Bean. seeds have a small i 

plant-like part inside 
two larger halves and a 
skin. 

2. What do the embryo and 
cotyledon do for the 
growing plant? 



The small plant-like 

part is the "embryOj" Seeds have a sraallj 
the twci halves are plant-like part-- 
' the eiiibryo-and 

larger part(s)--the 
cotyledons. 



Chapter 4: What Seed Parts Develop and Grow 



3, What. seed parts .. 
develop and grow? 
What do yoy think 
each part of the 
seed does? 



4. Why did the cotyledon 
and embryo live when 
joined? 

5. Why didn't the eotyledc 
or eiryb grow alone? 

6. What. do the embryo and 
cotyledon do for the 
plant? 



Bean embryos develop 
into plants only when 
attached to a cotyledon. 



The embryi 
into a new plant. 
The embryo develops 
into a plant only if 
it is attached to a 
cotyledon. The. 
cotyledon provides 
food for the enibryo, 
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mm OF THE mm for crapters 3-5 of seiis mMmm 

. . strategy Elemerits intended New 

Precbnceptibris FriVnytiestion Empirical Resolts Pre-seatediafimatiim Conceptions 

Ciiapter 5: Do Plants Need Ligiit to Grow ? 



Plants need light to 
live and grow. 7. Do plants need light 



to grow? Hhen? Grass begins to grow in the 

dark and in light. 

8. Why are the plants in the Plants do not need 

dark growing so well? light to begin to 



^. Which plants_will survive 
better? Why? 



grow. 



10« How could jDu ilia ke the 

y?!iow.9[3Js_tyrn green Plants, get food 

and the green grass turn from their seeds 

yellow? (cotyledons) 

Grass continues to grow in the 

11. What has happened to the light but not in the dark, 
grass set ups? 

12. What does light do for plants? 

13. Why.did the plants grow in the Plants do heed light 
dark for awhile? to continue to grew, 

14. Where do plants get the food 
they need? 

15. Why did the plants in the dark die 
and those in the ll,ght live when 
both had the sane soil? 

Invention Phase of the Learning Cycle 

... _ Plants use energy f roil) Plants use light to 

16. Can you explain the result.s using light to make food make food but of 

the idea of photosynthesis? froni water and air. water and air,. h 

16 
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smm 0F THE sTRATEfiy FDR ePTERs 3-6 OF sciis mmM 

j^fiticlpated Strategy Elements intended New 

Precbnceptibfis Framing pstion Empirical Resalts Presented jjf-omatjjon Conceptions 



Discovery Phase of Learning Cycle 
Chapter 6; Cotyledons 

17. What do you think will 
happen to young bean 
pljnts_w1th and without 
cotyledons placed in the 
lip and dark, respectively? 
Explain your reasons. 

Bean plants without coty- 
ledons grow in light, but 
die in the dart. 

Bean plants With cotyledons 
continue to grow in light, 
but stop growing in dirk 
after the cotyledons shrivel 
and fall off. 

18. IJhich grew better-plants . 
with or without cotyledons? 

19. HOW well did plants without 
cotyledons grow in the dark? 
in the light? 



20. What do you think the coty- 
ledons do for a young plant? 

21. When do plants need light? 
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The cotyledon pro- 
vides food for young 
plants. After the 
fcod frp the coty- 
ledon is gone, 
plants need light to 
make their food. 

M 

ir 
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growth of bean seedlings with cotyledons removed and left on under cdhditidhs 
of light and darkness, respectively. 

Stadent beaming Resalts 

The major goal of the iristructibnal sequence investigated is to challenge 
the anticipated students' prior belief that plants get food from the soil and 
develop the alternative conception that plants make their food and require 
light to do so. This conception is to serve as a foundation for the concept 
of a biological community and plants' unique role as "producers" — organisms 
which use light to m? '<e food that ultimately supports all of the other 
organisms (Knott, et al . , 1978). 

Group data reflecting changes in students' cbriceptibhs of plants sources 
of food and the role of light in plant growth were obtained using a test 
developed and used in a related study (Roth, Smith and Anderson, 1983). In 
general, the test results in the present study were similar to those obtained 
bri a larger sample in the earlier study. As reflected in Table 2^ there was 
some movement toward the goal cbncepti bh of plants Source of food. However^ 
only one student appeared to have completed the intended changes. 

As anticipated in the SGI IS teacher's guide (Knotty et ali, 1978), most 
of the students consistently asserted bh the pretest that plants take in fbbd 
from the soil, water ahd/br air in their surrbuhdihgs (Table 2). Many bf the 
students were initially uncertain about the issue bf plants making food. The 
few (3) who consistently asserted on the pretest that plants do make food diJ 
ribt relate this sburce of food to light (Table 3). On the posttest, nearly 
half of the students still consistently asserted that plants take in food 
(Table 2). All but one of the rest reflected uncertainty on this issue. 
While about half of the students consistently asserted that plants make fbod^ 
only three related this to the presence of light (Table 3). 

IB 
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TABLE 2 

eflANGES IN STUDENTS e0NeEPTi0NS.. 
OF THE SOUReE 0F PgQB F0R PhANTS* 

Pretest Posttest 

fake in food 

do Row 
do ? not Totals 

"2 T~ 0~| 5 

4 2 0 6 

4 5 1 10 
TO TO H 21 

*The intended learning is reflected in movement of students from the upper 
left to the lower right in the table. Data are the numbers of students. 
Based on proposition scores i and M. 



These data indicate that by-and-1 arge the instruction failed to bring 
about the intended changes in students* conceptions of the source of food for 
plants. However, the results also Indicate that many of the students did not 
understand an important empirical relationship on which the instructional 
depends. The strategy builds on the anticipated results that plants left iri 
the dark "died" while those in the light "turned green and grew," despite the 
fact that "the soil was the same in every cup" (Knott, et al., 1978, p. 23). 
this result is intended as the major challenge to the students' preconception 
that plants get their food from the soil. The posttest indicated, however^ 
that this result was hot apparent to many of the students. 

0h the posttest i only about half of the students consistently asserted 
that plants would continue to grow only if they had access to light (Table 4). 



Take in Fdcd 



do not 



•a 
o 
o 



do 

Cdl . totals 







dp 


Row 


do 


? 


hot 


Total s 


5 


0 


0 


5 






9 


4 


0 


13 


3 


0 


0 


3 



do not 



t3 
O 

-O 



a; 



do 

Col. totals 



20 



16 

TABLE 3 

STUdENT edNeEPTi0NS QF THE REtATigN 9F tlGRT TO PLANTS MAKING FOOD* 



Pretest PQstteSt 

__f %_ _f % 

ii Plants mafce food using lights air^ water 0 0 15 

2. Plants make food only in the light 0 0 2 16 

3. Plants make food in light and dark 15 g 10 

4. Plants make food only in the dark or 2 10 5 24 
unsure about relation to light 

5. Plants do not make food 5 24 5 24 

6. Uncertain whether plants make food 13 62 6 29 



*Based oh prbposition scores I. LA, LB, Kl and k3. 



TABLE 4 

STUDENT CONCEPTIONS OF THh RELATIONSHIP BETWEEN LIGHT AND PLANT GROWTH* 

Pretest Posttest 
_f %_ _f % 

Plants begin to grow in light or dark but 2 
continue to grow only in light 

Plants grow only in light 12 

Plants grow light or dark but are 9 
shorter/less healthy/not green in the 
dark 

Plants grow in light or dark 1 
Uncertaih/iricdrisi stent responses 6 



*Based op responses to items 1.03, 1.05, 2iCj3 and 3.24-5; 



10 11 52 

57 0 8 

0 2 10 

5 4 19 

29 4 19 
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Nearly half apparently ended up either believing that plants do riot need light 
to survive or uncertain about this relationship. The sources and consequences 
of this ambiguity are central issues in the analysis reported in the next 
section. 

Aoal^^si^-gf- Act oal-iii struct Some Ways of Soing Wrong 
As stated iri the iritroductibrii the limited attainment of the intended 
learning goals despite the apparent reasonableness of the SCI IS strategy led 
us to examine the issue of what went wrong. A previous study found that 
teachers often omitted critical elements of the iristructional strategy (Smith 
and Anderson, 1983a; Smith arid Aridersdri^ 1983b). However^ this was not so in 
the present case. Thus* our analysis focused on the way in which the strategy 
elements were implemented and the ways the students responded. 

In this section we document and describe four aspects of instruction 
which help explain the disappointing learning results 'ri the present study: 
empirical ambiguity, ambiguity in discourse, loose framirig of impdrtarit is- 
sues, and inadequacy in fbrmulatiori of the precbriceptibri that the instruction- 
al strategy is desigried tb attack. 

E^np i rical Ambi guity 

As noted above the problems iri student lesarriing were riot limited to the 
more abstract issues of plarits sburces bf food arid the fuhctidn of light in 
plarit growth. Many students also reflected misconceptions or uncertainty 
about the empirical results. 

The instructional strategy deperids bri certain empirical generalizations. 
For example, Chapter 4 addresses the issue of the functions of parts of seeds 
and involves an experiment iri which studerits attempt to germinate four differ- 
ent cbmbiriatibris bf bean seed parts as shown below: 
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Whole seed Cotyledon Embryo Cbtyledbti with 

alone alone embryo 




Figure 1. Trie four cdriditidns fd'^ the experiment in Chapter 4 and the 
anticipated resuT ^. 

Developnient of ideas about seed part functions uses the general ization that 
the embryo develops Into a plant only if attached td a cotyledon. This 
generalization in turn rests bri the anticipated results that neither the Iso- 
lated embryos nor the isolated cdtyleddns grow, while the embryos with one 
cotyledon attached and the whole seeds do grow as illustrated. From Lhe 
standpoint df a trained adult these trends were clear in the students' re- 
sults. However, making the intended empirical generalization was not a 
straightforward matter for many of the students 

Two sources of difficulty relate to aspects of what Strike and Posner 
(1982) refer to as the students* conceptual ecology, namely their implicit 
measurement and observation theories. First, some of the students attended 
primarily to their own individual set up, ignoring other instances. Their im- 
plicit assumption seems to have been that one case Is sufficient arid agreer-ent 
amdng multiple instances is irrelevant. Thus, atypical results obtained by 
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sortie groups were sometimes gen-ral i zed even when the trend across groups was 
ciearly in the opposite direciioni 

For example, in some instances the whole seeds did not germinate. The 
foil owing e>xerpt frdm an interview of one of the target students following 
completion of Chapter 4 illustrates: 

I: What did you think about the whole seed? 

S: O.K., it went to 18 millimeters, and 19, 19, 20, 20. I don't know 
what happened. Well, the whole seed fias everything right but it 
just didn't grow that much. 

I: Do you think that some other whole seeds wdiild grow or don't you 
think that arjy of the whole seeds grow? 

S: I think that maybe sdnie of them would. I don't know. 

I: Did some of the other students' whole seeds grow? 

S: I don't think so... 
This is surprising because, as she impliedi this results is somewhrit counter 
intuitive. Furthermore, she had just correctly explained the meaning of 
points on the class cliart which had color coded dots showing that some of the 
whole seeds had indeed grown substantial ly^ Apparently, she had not felt it 
necessary or important to consider the other groups' results. Another indica- 
tion of this assumption was students referring to atypical individual points 
on the class graph* rather thon to some more central or representative point. 

A second aspect of students' implicit observation theories t^at came into 
play was Judging the significance of differences in the measurements. How 
much change in the length of the isolated embrybi for example^ constitutes 
"growth." Some of these embryos did grow a few millimeters in length. In 
comparison to those attached to the cotyledons, however, this growth would 
generally be considered by our trained adults as negligible. On several oc- 
casions, however, students apparently did not apply the negligibility prin- 
ciple and reported that their isolated embr^yos "grew." 
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Some of these problems might have been overcome had the teacher put more 
emphasis on the class graph* That is^ she might have pressed the students 
toward an alternative observation theory. However^ the somewhat cumbersome 
procedure suggested for estimating^ recording and connecting average points 
for each observation of each experimental condition was carried out for only 
some of the data, the combination of the relatively large amount of time and 
effort involved and the apparent greater meaningfulness to the students of 
actual example ge^^mi nation systems led her to deemphasize use of the class 
graph. Given the nature of the students' implicit bbservatibri theories* this 
appears to have contributed to the students continuing to use their original 
observation theories and the resulting ambiguity of the students' thinking 
cbricerhihg the empirical results. 

The problem of ambiguity in the empirical results is even more serious in 
Chapters 5 and 6 where the issue is the role of light in plant growth. The 
stragety (see Table 1) depends on the generalization that plants continue to 
grow only in the light. That is, plants Rept in the dark eventually stop 
growing and die, while plants kept in the light continue to live and grow. 
The data indicate, however, that student bpinibri moved in the opposite direc- 
tion fro:n pretest to pbsttest (see table 

Part of the ambiguity lay in the results actually obtained. In the 
instruction for Chapter 5| the grass kept in the dark was initially yellow and 
tended to get lighter in color as the experiment progressed. The blades were 
also thinner and less erect than that in the light. However* the grass in 
the dark grew taller than that in the light and during the experiment did not 
torn completely brown and dry up as one might have expected. 

In addition to the lack of more extreme symptoms of the eminent demise of 
the grass in the dark, only three of the ten samples of grass were actually 
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left in the dark during the entire investigation. As suggested in the 
teacher's guide, others were moved from the dark to the light arid from the 
light to the dark. The symptoms of these plants were even less extreme. The 
tendency noted above of students to attend primarily to their own individual 
result rather than to look for trends acrbs. groups further limited the data 
base for the students * Thus, for most of the students the salient observa- 
tions were the more rapid growth of the grass in the dark and the clear dif- 
ferences in color. These observations were consistent with a view that light 
was needed only for good color or health and several students made analogies 
with humans getting suntans and beirig healthier if they got sun. 

As with Chapter 4, the ambiguity in the actual results in Chapter 5 was 
exacerbated by ambiguity in discussions and a degree of Ibbseriess in the fram- 
ing of these issues. Of particular signifieanee was the issue of the plants' 
survival. This will be considered in the subsequerit sections. 

Ambiguity in Discburse 

The ambiguity just discussed in regard to empirical results may tend to 
arise to some degree in any Instruction which relies on first hand inquiry. 
However^ systematic ambiguity can also occur in classroom discourse. In the 
present case, such ambiguity exacerbated the empirical ambiguities described 
above. 

The ambiguity iri discussion of Chapter 4 arose from the possible alterna- 
tive referents for the terms 'embryo' and 'cotyledon.' The issue underlying 
the Investigation was the function bf the embryo and eotyledbri as parts of a 
seed. However, the experiment was set up with an isolated embryo arid an Iso- 
lated cotyledon as well as combinations bf these parts (see Figure ij. Thus, 
the question^ "Does the embryo grow?" is ambiguous. While the isolated 
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embryos did not grbw^ the embryos as parts attached to cotyledons did growi 
Since the function of the embryo as the part that grows is a central issaci 
there were many opportunities for confusion during class discussions. 

Similarly, an important observation made by one of the students and 
emphasized by the teacher was that the cotyledon (part) was shriveling or 
shririking as the attached embryo grew. This was very suggestive of the coty- 
ledon somehow being used up. However, some of the students interpreted these 
reports as referring to the isolated cotyledons (condition) and tended to dis- 
agree. In the process they did riot attend to arid have the benefit of this im- 
portant but subtle observation. 

In Chapters 5 arid 6 a similar ambiguity arose in the use of the term 
•grow.' The question, "Do plants need light to grow?" is ambiguous unless 
the time period or stage of development of the plant is specified. While 
initial growth of seeds can take place without light, continued growth arid 
survival do require light; 

The teacher perceived the irihererit ambiguity and attempted to resolve it. 
However, rather than makirig the time period explicit in each case the teacher 
adopted a convention of using the term *grow* to refer to beginning growth or 
germination and the term ^survival* to refer to cbritinued growth. For ex- 
ample, in the last lesson (5.7), a student expressed his dpiriidri about plants 
growing in a dark mine: 

59 David: It's (light) not unimportant but you (plants) dbri't have 

to have it; 

60 Ms. Kaih: I think we did decide that we (plants) don't have to have 

light to grow, but we're talking about survivirig* aren't 
we. 

The teacher reflected the stipulated use of the term 'grow' here and again 
later when she respbrided to aribther student: 
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70 Ms. Kain: Yeah, we know that, don't we. The ones in the dark will 
grbwi 

Buti as indicated in the foil owing response of a student who appears to 
understand the relation of light to plant growth ^ student use of the term 
'grow' does not always confonn to this stipulation: 

78 Julie: (Reading her answer to the question about seeds in a dark mine 
from her student manual j No. The seeds will grow at first 
but, unless it gets some light, it won't grow. 

Thus, despite the teacher's effort the ambiguity remained and may even have 
been increased by the unusual restriction in meaning of a common word. It is 
clear how this may well have contributed to student misconceptions or uncer- 
tainty concerning the relation of light to plant growth. 

boose Framing of Important Issues 

Many steps in the ihstructiohal strategy take the form of questions as 
reflected in Table 1. In a number of instances we observed problems that 
could have been lessened by more appropriate use of questions in framing the 
issues. For example, in Chapter 4 the students appeared to have considerable 
difficalty relating the empirical results of the investigation to the issue of 
the function of the seed parts. While part of the problem was probably the 
uncertainty of the students concerning the empirical results discussed above, 
another factor was the pattern of questions used to frame the investigation 
and the interpretation of results. 

The strategy suggests ihtrbducihg the investigation with a discussion of 
the students' ideas about the seed part functions. However, it Includes no 
questidri requiring the students to use those Ideas In predicting what might 
happen in the germination experiment. In actual instruction, no question 
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For examples Question 8 (Why are the plants in the dark growing so well?) 
Is to be posed after the students have observed the initial growth of plants 
in both light and dark. When the discussion of the results began in the third 
lesson (5.3), Ms. Kaih simply f.sked the students for their "observations and 
why?" As shown in fable 5^ responses to this form of the question focused 
primarily on the differences between the plants in the light and those in the 
dark. Ms. Kain then refocused the discussion on the plants in the dark. How- 
ever, her use of the comparative "better" elicited farther comments on the 
differences between the plants in the light and those in the dark. 

Ms. Kain finally framed the issue very tightly: 

"What do you attribute the growth to? How is it that they are growing, 
particularly in the dark? ... Why?" 

This elicited among others two very different responses. They referred to 
some mechanism which would account for the observed growth in the dark. One 
of these referred to the seed and the cotyledon helping the grass grow. This 
is an instance of the intended application of an idea from the previous chap- 
ter to explain a new result. The second response offering a mechanism re- 
ferred to the soil as part of the mechanism. Thus, this formulation of the 
question also served to expose the precbriceptidh the strategy was designed to 
attack. 

As indicated in this analysis, question 8 serves at least three important 
functions: 

- It focuses attention on a specific aspect of the result. 

- It drives student thinking to consider mechanisms which might 
account for the observations. 

- It brings out two specific mechanisms* one based on anticipated 
student preconceptions and one based on a previously developed 
science concept. 
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STUDENT RESPONSES RELEVANT TO QUESTION 8: 
EXPLANATIONS OF EARLY GROWTH OF PLANTS IN THE OARR* 



Form of 4]iie4tton 

Hhy growing in iy growing In 

"dbseryations iy "ones in dark" dark dark Total 

and why?" are "growing better" (5.3) (5.4) 



Type of Response f f f f f j 

Suggests meclianl sin 0 0 I 3 5 21 

accounting for growth 

Cites iiricdntrolled variable 3 i i 2 7 29 

to_expla1n differences 
between light and dark 

Reports observation or 4 1 2 0 7 29 

prediction of differences 
only (no explanation) 

States that s/he does not 0 0 1 2 3 13 

know why 

Other i 0 i) 12 8 

Totals 8 2 6 8 24 100 



*Based on narratives for task 3 of lesson 5.3 and task 3 of lesson 5.4 
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It was drily wheri Ms, Kairi pressed the students to account for the growth arid 
focused attention away from the comparlsdn between ti^e grass In the light and 
that in the dark that the questidriirig played these ioipdrtarit fuhctidris. 

Everi better results were dbtairied iri the riirxt lessdri (5.4) wheri Ms. Kairi 
pdsed the quest idri as suggested arid irisisted that the studerits "stick td the 
question" and address the issue of "Why?" (Table 5). Three different students 
proposed mechanisms to account for growth in the dark and two more stated 
explicitly that they didn't know why. Thus, five of the eight responses 
directly addressed the intended issuer 

Our analysis indicates that iriadequate f rami rig df aridther issue cdri- 
tributed td a major problem in student learning. As stated in the results 
section above, many of the students did not develop the intended understanding 
of the empirical relation between light and plant growth. While the students 
became aware that light affected the color and cbriditibri df plants, about half 
df them ended up either believirig that the plants did not need light to con- 
tinue growing or uncertain about this relationship. Central to this problem 
is the issue of the plants survival in the absence of light as distinct from 
the effects on the color or health of the plants. 

As argued above, in the actual instruction the students' results fdr the 
grass experiment of Chapter 5 were ambiguous with resjDect td survival. It was 
further argued that this ambiguity was cdlnpdurided by the students' tendency to 
fdcus on their dwn set up rather than the total array of results and by sys- 
tematic ambiguity in the use of the term "grow." Another important factor 
contributing to this problem was that the issue df survival df plarits iri the 
dark was riot emphasized iri class discussidris. 

the iristructidrial strategy as represented in Table 1 implies that the 
issue of the plants' survival is the central feature of the results of the 



experiment with grass in Chapter 5. This issue is raised explicitly in 

question 9, It is also explicitly the basis for the discrepant event brought 

into focus by question IS, However, neither the SGHS Gdmmuhities teacher's 

guide ribr the revised guide provided to Ms. Kain indicate the problemmatic 

nature of this issue or provide suggestions for dealing with it beyond the 

posing of questions 9 and 15. 

Our analysis indicates that the issue of survival was not emphasized in 

the actual instruction conducted by Ms ; Kaihi She did pose question 9 during 

lesson 5.4. Five students responded. One student explained: 

"The sunlight is what gives the plant the green. ..They ' 1 1 both 
survive i f you keep feeding them-"W9ll, watering and fertilizing 
them." 

Three students supported their opinion that the plants in the dark would die 
or not Iceep growing with the essentially circular argument that plants need 
light. Immediately after this discussibrii Ms. Kain posed the next question 
(10)i shifting attention to the color of the grass. 

Although students occassional ly expressed opinions about it, Ms. Kain 
never again explicitly raised the issue of survival in discussing the results 
of Chapter 5. For example, in the final discussion of the results for Chapter 
5 (question 11), one student included looking "more alive" and looking "dead" 
as descriptions of plants in the light and dark* respectively. Ms. Kain in- 
cluded these ambrig the descriptors she listed on the board. However, in sum- 
marizing as she posed the next question (12), she stated that the students 
were "saying that light seems to be important for a healthy: pi ant" (emphasis 
ours). None of the six responses to question 12--What does light do for 
pi ahts?--referred tb the plants living or dying. Five made reference to the 
color. Three made analogies to the role of sunlight for humans. 
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Questidh 15 in the instructidna'! strategy is intended to challenge ehe 
idea that plants get food from the soil; 

Question 15: Why did the plants in the dark die and those in the light 
live when both had the same soil? 

After reirii riding her studtnts that they had kept saying that plants get food 

frdjfi the sdiU Ms. Kain attempted to pose the question. She pointed out how 

the plants had the "same kind of soil" and "both had water," and then added: 

"But this one (a sample from the dark) did riot really grow. We're 
really saying it's on its way down, its' -dying or dead. Okay? If 
some of you had beeri_thirikirig about the food coming frdin the soil, 
why, how can that be? Do you have an explanation for that?" 

When she did not get any response, she explained the questiori agairi. This 

time, however, she concluded with, ''Why isn*t this one doing very well?" She 

made no reference to plarits dyi^q in the dark. Norie of the four responses she 

obtained referred to or attempted to account for plarits dying in the dark or 

contiriuirig to live iri the light* 

Because the issue of survival was hot exphasized in Ms. Kain's framing of 
discussions^ the students were not pressed to think about it and had rio reason 
to consider it the major issue. This together with the other factors dis- 
cussed above help to explairi the problem students had iri developing the in- 
tended uriderstanding of the empirical relation between light and plant growth. 
Sirice this relatidri is the basis for the major challenge to the students' pre- 
cdriceptidris in questidn 15, it is not surprising that the challenge fell flat; 
The looseness in the posing of this key question and the failure to hdld the 
students to the requirements it implies further help explain this result. 

0ur arielysis indicates that the selection of questions is a very crucial 
aspect df an instructional strategy. In some cases there appeared to be im- 
portant gaps in the strategy or questions which were not adequate to the situ- 
ation. In other instances the teacher did not use questions provided iri the 
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strategy that appeared superior to the ones actually used. In still other 
instances the teacher used the indicated question but failed to hold students 
to the requirements it implied^ In several cases the teacher failed to 
recognize when student responses indicated predictable alternative conceptions 
on the part of the student. Such concept ions include the students* imjDlicit 
observation theories and explanatory Ideals, elements of what Strike and 
Posner refer to as the students* "conceptual ecology" (1982). 

Attacking the Wrong Precdnceptidn 

The SCIS i hstructidhal strategy anticipates that students will hold a 
preconception concerning the source of food for plants, namely that plants get 
their food from the soil in the form of water and fertilizer or minerals. 
This is the preconception attacked by the instructional strategy. The point 
of exploring the functions of the parts of the seed in Chapter 4 is primarily 
to provide an alternative concept idri of the source and nature of food for 
young plants^ namely ^ the part of the seed referred to as the cotyledon. The 
point is made that bean seeds in Chapter 4 were germinated without soil and 
there is an optional activity of growing seeds without soil. Finally, the key 
discrepant event built into the sequence is the determination in Chapter 5 
that grass plants survive in the light but hot in the dark^ even though both 
conditions had the same so4^ . The inability of the soil to sustain plant 
growth in the absence of light is intended to undermine the preconception of 
soil as the source of food, preparing the students for the invention of photo- 
synthesis i 

As anticipated in the strategy, all but one student asserted dh the pre- 
test that fertilizer or water were food for plants. However j dh the pdsttest 
all but two of the students still included sdil or fertilizer aldng with air. 
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water and light as food for plants (15) or indicated uncertainty (4) bri at 
least one of the two relevant questions. While many of these students (13) 
ihcl tided the cotyledon or referred to phbtdsyhthesis as sources of food, these 
were apparently viewed as additional sources rather than as alternatives. 

Mhile the idea that plants get their food from the soil was common among 
students in the study, this does not seem to be the core of their preconcep- 
tion. The central preconception also seems to be deeper than the idea that 
water and fertilizer or minerals are food for plants. As discussed by Roth 
(Roth, et al., 1983), food for plants is conceived by the students as whatever 
materials are needed and taken in by the plants. Furthermore, their notion of 
food is additive. If the plants are unable to get certain materials from the 
soil* other materials such as air and even light may be considered as adequate 
alternatives. 

This preconception of food for plants tended to promote what Hewson 
(1980) calls "conceptual capture" of the hew ideas encountered by the stu- 
dents. Given the additive conception of food for plants as whatever materials 
the plants take in, the students could simply add the cotyledon as another 
source of food rather than as an alternative to what constitutes food. Some 
of the students saw the cotyledon as an "extra" source of water or fertilizer. 

Another consequence of this underlying conception of food for plants was 
that the students could easily escape the trap represented by the ihtended 
discrepant event. Light could simply be added as an essential component of 
plants' food. This preconception also tended to promote conceptual capture of 
the concept of photosynthesis when it was invented. Several (6) students 
viewed the food plants made as simply another additional source. Photosyn- 
thesis was assimilated by at least some students as a process in which light, 
water and air were mixed together but each substance maintained Its own 
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identity. Other students interpreted photosynthesis as the name for this 
mixture. Asked in Chapter 6 why she thought the bean plants in the dark would 
continue to grow, a student explained that photosynthesis was light, water and 
air and that "two out of three isn't bad." 

Few students came to understand photosynthesis as a process in which food 
is made out of light, water, and air. Even fewer students uriderstbbd that 
green plants have no other source of food. While many factors probably con- 
tributed to this result, it appears that the instructional strategy attacks 
only a superficial aspect of their preconceptions. A more direct attack on 
the underlying basis for what is considered food for plants appears necessary. 

Di s cussion 

this study confirms the findings of other studies (e.g.^ Nussbaum and 
Nbvick, 1982b) that teaching for conceptual change is difficult. More impor- 
tant, it sheds new light on some of the reasons for that difficulty. The 
instructional sequence was based on a model or generic strategy for conceptual 
change which seemed well conceived and the specific instructional strategy 
appeared consistent with it. The teacher had the benefit of a revised guide 
which made this strategy more explicit and bur Initial impressions were that 
the teacher was successfully implementing it. Indeed, our analysis revealed 
many examples bf excellent teaching. However, the limited success of the in- 
struction in bringing about the intended changes in student cbnceptions led us 
to look for ways in which instruction went wrong. 

Our analysis identified several themes or patterns, ways in which in- 
struction repeatedly seemed problematic, these included: 

- Students were often uncertain about empirical generalizations important 
to the strategy. 
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- Ccimmurii cation was sometimes hampered by systematic sources of 
ambiguity. 

- Some important issues were not adequately framed through the use of 
appropriate questions. 

- The instruction was in some w?iys attaching the wrong preconception. 
The problems we have illustrated indicate that matching instruction to 

the cbhceptuai ecology of the students is both essential and difficult. 
Students* explanatory tendencies, implicit observation theories and preconcep- 
tions of specific topics need to be given more attention by researchers ^ cur- 
riculum developers, teacher educators and teachers. Curriculum developers 
must be aware of predictable alternative cdnceptidhs, identify appropriate 
questions and other moves accordingly, and empirically assess the effects of 
strategy elements on students. Teachers must also be aware of the alternative 
concept ions and the intended roles of specific questions so that they can 
recognize indications of students' alternative cohceptidhs and respond appro- 
priately. Awareness df likely ways of going wrong may help reduce the kinds 
of prdblems dbserved in this study. 

the heavy information processing load that this role places dn the teach- 
er suggests the importance of incorporating such infbrmatidn intd instruction- 
al materials. This is not to make the materials teacher proof but rather 
teachable. Given the best of strategies, the teacher plays a crucial role in 
the diagnostic use of apprdpriate questions, in the interpreting of students' 
responses and taking appropriate actions. In our own work we are exploring 
the use of text materials (Roth, Anderson and Smithy 1983) and overhead trans- 
parencies (Anderson and Smithy 1983a) td assist the teacher in appropriate use 
of diagnosticly and strategicly important questions. 

None df the ways of going wrong discussed above question the SCIIS learn- 
irig cycle or the underlying view of conceptual change it reflects. The value 
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of a generic strategy such as the SCIIS learning cycle or Nussbaum and 
Novicic's lies in its prescriptive power. To the degree that it is consistent 
with the real world of teaching and learning, its use in developing carricalum 
and planning instruction increases the likelihood that students will learn as 
intended. While particular strategies might be developed and assessed inde- 
pendently of any explicit generic strategy ^ the general izabil ity of such ef- 
forts is limited. 

While a generic strategy must be sound if its use is to result in effec- 
tive instruction, a sound generic strategy is hot sufficients A particular 
strategy may not be an accurate ihstahtiatioh of the generic strategy or the 
instruction may not actually impleftient the strategy. Apart from the issue of 
fidelity, the particular strategy or instruction may be inadequate in ways 
that have nothing to do with the adequacy of the generic strategy itself. The 
examples presented in this paper reflect all four of these pdssibil itieSi The 
models of Strike and Posner (1982) and Hewson (1981) helped identify and in- 
terpret these examples and point to other aspects of students cdhceptual 
ecology which might be problematic. 

In their conclusions, Nussbaum and Novick, (1982a) state: 

In our opinion^ the state of the art in cognitive education does not 
at present offer a widely accepted theory. base which could easily 
facilitate the design bfihstructioh fbr.learhihg many basic con- 
ceptual schemes in school science, p. 20. 

While problems such as those described above may not have occurred in their 

study, it is important to consider other levels of going wrong in assessing a 

generic strategy and its theory bases Such an assessment should probably be 

based on productivity over time rather than on the success or failure of a 

single attempt to apply it. While we would not dispute Nussbaum and Novick's 

statement, we do think that the currently available theory base does provide 

an important foundation for ongoing development and research. 
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Nussbaum and Novick (Ibidp) conclude with the following recomfriendatidn 



with which we heartily concur: 

That the growing community of practitioners who are looking at 
SAP's (Student Alternative Frameworks), extend their studies in 
the direction of designing and testing new Instructional se- 
quences based bri principles of cognitive aecommodatloni 



More specifically, research and development on instructional sequences for 
particular topics should seek understanding of the nature of the students* 
prior knowledge and the effects of the Instructional sequence on student 
behavior and learning. These efforts should address the problems identified 
with the goal of developing pedogbgical kribwledge sufficient fbr reliable 
achievement of the desired changes in student cdnceptldns. 
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